. As an aid in designing more successful ligands for L i ' complexation we have made use of an "inspirational" molecular model. This was derived in a wa that is reminiscent of another model that Inspired the design of improved ligands for N a ' complexation (refs. 14,lS) and was based on the known crystal structure (ref. 1) for the sandwich complex of Na+ with 12-crown-4. A completely encapsulated Na+ with beautifully symmetric cubic octacoordination could then be imagined, the ligand being constructed from eight amino nitrogens linked by twelve -CH2CH2-chains to give a quinquecyclic cage structure. From this model were then derived the various simpler amino-ether structures, of which a good number have been made and shown to be extremely strong and selective N a ' complexers when at least one 12-ring is retained (refs. 14-17). In a similar way, we now start with the established crystal structure (Fig. 2) (Fig. 7, center) offering complete encapsulation of L i ' with perfectly symmetric octahedral hexacoordination. This is the new model from which a variety of cyclic or branched-chain ligands can be derived (Fig. 7) . They are all expected to fit cations the size of L i ' and M g 2 ' .
Fig. 7. Derivation of diamond-lattice ligand structures with octahedral coordination geometry .
The syntheses have been quite challenging and have led to interesting observations on reactivity (ref. 12), in particular a reversal of the famous neopentyl effect in substitution.
This occurs when one or more of the methyl groups carry halogen or methoxy substituents (Fig.  8) , the increased reactivity being explainable on the basis of neighbouring group participation (Fig. 9) . Unfortunately, it turned out that open-chain ligands with only one branching point (Fig. 7) are much too weak complexers to be of interest, although they are specific for Li+ against N a ' . Lengthening of one or two branches is beneficial, but lengthening also of the third has no further effect (ref. 12). 9 a g o n s are partly steric hindrance, but also the inherent conformational tendency to form a g-g-"corner" instead of the g ' g ' folding required for complexation. This was indicated by the mixed series (Fig. 7, framed column) . Using PF5 in CH2C12, the yield of trimer was !be, and of tetramer higher. 3,3-Dimethyl-oxetane would give rise to a growing chain that is more restricted conformationally, and mainly octamethyl-16-crown-4 was produced in the presence of PF5 in CH2Clz (70% tetramer, <1% trimer). Surprisingly, the BF3/CH2C12 catalyst was very much slower, and BF3 had to be renewed regularly. More cyclic trimer was now produced than tetramer, but at the same time a series of fluorohydrins (mostly the trimeric) was obtained, , which explained the consumption of catalyst. By bubbling BF3 through the reaction mixture after the monomer had been consumed, the fluorohydrins were converted to the corresponding cyclic products. Final yields of 20% of hexamethyl-12-crown-3 and 5% of octamethyl-16-crown-4 were thus obtained. An interpretation of these results is also based on the increased confor-1 Fig. 10 . Reaction scheme for 3,3-dimethyloxetane/BF3. mational restriction due to the =-dimethyl groups. This would induce fluorine transfer when the transition state for cyclization becomes too strained (Fig. 10) . The transition state for subsequent cyclization in the presence of additional BF3 is less strained (ring size increased by two atoms, Fig. 10 ). The actual mechanism for the final cyclization may be stepwise or concerted (Fig. 11) . (Figs. 12 and 13 ) excluded for the free ligands. Uncomplexed hexamethyl-12-crown-3 has a different and strained conformation as revealed by unusual torsion angles (Fig. 14) . This strain represents an extra driving force for complexation and explains why 12-crown-3 ligands are stronger complexers than corresponding 16-crown-4 ligands. On the other hand, methyl groups interfere sterically so that the complexation strength is much reduced both for the methyl-substituted 12-ring and 16-ring (ref. 18). As a result, only unsubstituted 12-crown-3 has a satisfactory complexation strength, but unfortunately the selectivity for L i ' is lost, since sandwich formation with larger cations becomes possible. Our present activity is therefore focused on multi-step syntheses of 12-crown-3 ligands having ligating methoxymethyl side-arms (Fig. 7, left column) and none, or fewer methyl substituents. 
